I. DERIVATION OF BINDING ENERGY BETWEEN POINT DEFECTS AND SOLUTE ATOMS
The total energy of each case was derived after both the atomic positions and the volume of the applied supercell were fully relaxed; the convergence criterion was set at 10 −4 eV in the total energy. The formation energy of a vacancy was evaluated using
where E V ac tot (N − 1) is the total energy of a supercell composed of N − 1 W atoms and one vacancy; E tot (N ) is the energy of a supercell composed of N W atoms without defects.
The formation energy of an SIA was similarly evaluated using
where E SIA tot (N + 1) is a total energy of the supercell composed of N + 1 W atoms including one SIA. The formation energy of a substitutional solute atom was evaluated using
where E
Sub−α tot
(N − 1) is a total energy of a supercell composed of N − 1 W atoms and one substitutional α atom (α is Re or Os); E α coh is a cohesive energy of the α element. The formation energy of an interstitial solute atom was similarly evaluated using
